Based on a survey given to a random sample of Swedish 20-40 year old females, this paper investigates through which channels women receive information about the general risk levels of age-related female infertility and how the different channels affect women's perceptions of the risk. We find that the media reach women of all ages, while only about one woman in four has received information from the health care system. We also found that what peers say and do strongly affect women's risk perceptions: The respondents who had obtained information from friends and relatives were more likely to state too high risks, while a woman with close friends or relatives who became pregnant at age 35 or older was more likely to have a correct perception of the risks. Since women are most interested in receiving information from the health care system, we argue that health care workers should inform women earlier than what happens today.
Introduction
A woman's risk of not being able to become pregnant increases with age. Since no available medical test is able to reveal a woman's personal risk, it is important for a woman to have knowledge about the general risk levels and how they change with age. Interesting issues therefore include how women obtain information about this risk of age-related female infertility and how the different information channels affect their risk perceptions. Infertility is defined as a state where a healthy couple of childbearing age tries to but does not manage to become pregnant within a 12-month period without using any type of contraceptive. Thus, infertility does not indicate sterility but instead highlights a group of individuals having trouble becoming pregnant and who may need medical assistance (Infomedica, 2004) . A biased risk perception is undesirable for a woman who wishes to become pregnant; overestimation creates an unnecessary worry and underestimation may result in serious disappointments if it becomes difficult to become pregnant. Moreover, to be able to plan the timing of births together with other important life decisions such as education etc., it is important for a woman to be aware of how the risk increases with age. Thus, it is not sufficient to know the general risk level for the own age group only. Another reason why it is important for women to have knowledge about the changes in risk due to increasing age is as shown in this paper: Women are themselves information spreaders when they talk with their peers about the risks.
The objectives of this paper are to investigate: (1) from what sources women receive information about the general risks of age-related female infertility, (2) how different information channels affect risk perception, and (3) who would like to have more information, and from what source(s)? To be able to address these objectives, 2,000 questionnaires were mailed out to a random sample of 20-40 year old women living in Sweden. The respondents were asked to identify from which sources they had obtained information and from where they would like to receive more information. They were also asked to estimate the general risks of female infertility for four different age groups (20-24, 25-29, 30-34, and 35-40 years) .
According to Weaver and Wakshlag (1986) , personal experiences have the strongest impact on a person's beliefs, followed by information from peers, and then all other information channels. A woman may have personal experience of pregnancy and/or of trying to become pregnant, which gives her some kind of perception of the infertility risks, both on a personal and a general level. Women might also be affected by information they get through both formal and informal channels, e.g., from the health care system, different media sources, and/or discussions with friends and relatives. A woman's risk perception might also be influenced by the ages at which her close friends and relatives became pregnant. The degree to which information is adopted by people depends on how credible they think the source of the information is (Wiegman and Gutteling, 1995) . According to Tonn et al. (1990) , information based on the experiences of peers is considered to be especially credible.
How the media affects risk perception is a debated issue. Some studies have shown that the media makes people aware of risks (see for example Wiegman and Gutteling, 1995) , and Kasperson et al., (2003) found that high media coverage alone does not increase perceived risks. Several previous studies have reported that experiences of peers affect people more than the mass media does (McAlister, 1987; Rogers, 1987; Tonn et al., 1990; Chang and Kinnucan, 1991; Wåhlberg and Sjöberg, 2000) 1 , and if the object of the risk is straight out feared, rumors within peer groups may be a significant element in forming people's perceptions (Kasperson et al., 1988) . However, the information women receive might not be correct. Incorrect information has an opportunity cost since it may crowd out more correct information in a person's mind. It is therefore important to investigate how different information channels affect risk perceptions of age-related infertility.
Furthermore, infertility is a sensitive issue and we know that people react differently to information. Increasing the amount of information for individuals not wanting it increases their stress levels and causes anxiety, while extra information reduces the stress of individuals who are information seekers (Miller and Mangan, 1983) . Some people may choose to totally ignore the information if it is seen as too negative (Bénabou and Tirole, 2002) . We therefore ask: who wishes to be informed about the risks, and from which sources do they want information. We then compare these sources with the sources they actually receive information from.
We also include a test of media information that investigates whether a peak in the media coverage of the general risks of age-related female infertility affects women's risk perceptions. This was possible for us to do since only two days before the survey had been planned to be mailed out, several major newspapers in Sweden published articles based on the public health study by Lampic et al., (2006) . Newspapers reported the findings that female and male university students in Sweden have overly optimistic perceptions of women's chances of becoming pregnant, especially for women age 35 and older. Headlines such as "Swedish students at risk for childlessness -both men and women overestimate fertility after age 35" (Svenska Dagbladet, 2005) and "Swedish students know too little about fertilityboth men and women overestimate the possibilities to have a child after 35 and researchers warn that the consequences might be involuntary childlessness" (Göteborgs Posten, 2005) were common. However, these articles did not say anything about the actual risk levels. To be able to see whether these kinds of articles affect women's risk perceptions, 200 of the 2,000 questionnaires were not sent out with the others but instead to another random sample of women two months later. This way of testing is in line with several previous studies about how media affects risk perceptions; see for example Soumerai et al., (1992) on how media can play a central role in decreasing the use of aspirin among children. Similarly, several studies have shown that negative health risk information from the media has significant effects on food demand (Chang and Kinnucan, 1991; Burton and Young, 1996; Verbeke and Ward, 2001) 2 .
The remainder of this paper is organized as follows. Section 2 describes the survey, its design, and the actual risk levels used in this study. Section 3 reports the descriptive statistics and the empirical results from the analyses associated with the objectives of this paper.
Finally, Section 4 discusses the results and concludes the paper.
The survey and survey design
In order to investigate the objectives of this study, the respondents were asked to estimate the risks of female infertility 3 for four different age groups (20-24, 25-29, 30-34, and 35-40 years). The part of the survey containing the scenario and all four risk questions are included in the Appendix. As an example, we show the question about the general risk for the 20-24 age group 4 :
Question 1. I believe that the average risk for a 20-24 year old woman of not becoming pregnant during a time period of one year is……………………………….% Furthermore, the respondents were asked whether they had received information about the risks of age-related female infertility and whether they would like to get more information.
They were also asked to identify from what sources they had obtained information and from where they would like to receive more information. The questionnaire also included questions about whether the respondent wished to become pregnant (and if so, when). Since the subject of infertility may be sensitive to many, the respondents were completely anonymous.
The survey was mailed out in two rounds to a random sample of 20-40 year old women living in Sweden. 5 The first 1,800 questionnaires were sent out in November 2005, and the remaining 200 in January 2006. The overall response rate was 47 percent. The reason for sending out some of the questionnaires in January was that only one day before the survey had been planned to be mailed out in November, several major newspapers in Sweden published articles based on the public health study by Lampic et al. (2006) about how male and female university students in Sweden underestimate the age-related decline in female fertility, especially among women aged 35 or older. We saw this as a good opportunity to test whether articles of this kind could affect women's risk perceptions. If there is such an effect, then those who answered the questionnaire directly after the large media coverage should have stated higher risks than those who received the questionnaire two months later. 3 Meaning not becoming pregnant despite regular unprotected intercourse during a one-year period. 4 The respondents were also asked to state what they believe their personal risk to be. The stated personal risks are however not the objective of this paper. For a discussion on how the stated personal and general risk perceptions differ, see Lampi (2006) . 5 The first pilot survey consisted of 45 questionnaires sent out by e-mail in October 2004 to a non-random sample of 20-40 year old women. The resulting revised questionnaire was tested on a focus group, and then a second pilot study was carried out, where 200 questionnaires were sent out in October 2005 by regular mail to a Postcards were sent out to all respondents as a single reminder 10 days after the questionnaires (in both November and January).
The "actual" risks of age-related infertility used in this paper are estimates based on agespecific pregnancy rates with unprotected intercourse for modern populations. 6 The infertility risk levels are collected through interviews performed by the National Survey of Family random sample of 20-40 year old women living in Sweden. The questionnaire was again revised based on the comments and results of the second pilot study. 6 The two other ways to measure infertility risks are: age-specific pregnancy rates in natural populations (populations where contraception and abortion are not allowed or used) and age-specific pregnancy rates with artificial insemination in modern populations. The major disadvantage of studies done in natural populations is that the type of data is hard to compare with more modern data, while artificial insemination ends up boosting infertility rates and is therefore often criticized since the probability of becoming pregnant artificially is much smaller compared to using the natural method (see e.g., Bongaarts, 1982) . A study of artificially inseminated women reports that 26-27 % of women 30 or younger, 39 % of women aged 31-35, and 46 % of women aged 36-40 did not become pregnant within a one-year period (Schwartz and Mayaux 1982) . A study by Tietze (1957) reports the shares of a natural population (Hutterites) who were infertile in the first half of the 20 th century: 3 % of women aged 20-24 were permanently infertile, while the corresponding shares of women aged 25-29, 30-34, and 35-39 years were 5.3 %, 9.0 %, and 22 %. 7 The NSFG survey measures the infertility rates of women who had not become pregnant despite not using contraceptives, during the 12 months proceeding or earlier the time of the interview; i.e. according to the official definition of infertility. Surgically sterilized couples are excluded from the survey. 8 The risk levels for women aged 20-24 are taken from the NSFG survey from 1976. The reason for using values from the 1976 survey is that contrary to subsequent surveys, it does not include women younger than 20 (who we perceive as too young to answer our questions). Moreover, the youngest age group in the 2002 survey is 15-29 year old women, while the youngest age interval is divided into two age groups (20-24) and (25) (26) (27) (28) (29) Table 2 reports from what channels women at different ages (and as a whole sample) had received risk information. We also find that the media reaches women of all ages. On the other hand, the share of women who had received information from the health care system increases substantially with age. The results also show that women in the 30-40 age group more often perceive that they have enough knowledge about the risks than women in the 20-29 age group. 13 We are therefore in the next section going to investigate whether the older women have more correct risk perceptions than the younger.
Results

Descriptive statistics
12 These results are available upon request. 13 A difference that is significant according to a Chi-square test at the 1 % significance level.
Stated risks and how different information channels affect women's risk perception.
Stated mean and median risks
"The main sample" are those who answered the first survey conducted immediately after the large media coverage (in November), while those who answered the second survey conducted two months later (in January) constitute "the media test sample." When all respondents are analyzed together we simply call it "the whole sample." Table 3 reports the stated general and the actual risk levels according to the NSFG 2002 survey. Since the distributions of the stated risks are skewed, both the mean and the median risks are commented on. As seen in Table 3 , stated risk increases with age group in both samples, i.e., the respondents are aware of the relationship between age and the risk of infertility. Also, the stated mean risks are the same in both samples and significantly higher than the actual risk levels, while the stated median risks are quite close to the actual ones for women younger than 35 in both samples. 14 As mentioned before, actual risk levels differ a bit depending on the way they are measured. In addition, respondents usually round their answers to the nearest five percent (Manski, 2004) . We therefore allow for some deviation in the risk perceptions before claiming that somebody over-or underestimated the risk levels. However, the median and mean stated risks for the oldest age group (35-40 years) are 35-40 percent (depending on the 14 The null hypothesis that the mean stated risk in the sample is equal to the mean actual risk is tested with the bootstrapping method for both the main sample and the media test sample. One thousand samples were bootstrapped by randomly drawing observations with replacement as many times as there are observations in the original sample. The difference between the mean stated risks and the actual risks are calculated 1000 times for each age group. By using the percentile method and the 95 % confidence interval, it can be shown that the stated mean risks are significantly different than the mean actual risks at the 5 % significance level for all age groups. It should be noted that the advantage of the percentile method is that it makes no assumption about the underlying distribution (Efron and Tibshirani, 1998). sample), which clearly is an overestimation. 15 Respondent age has no significant effect on the stated risk levels; they are about the same with and without the respondents younger than 30.
To find out whether the large media coverage immediately before our main survey was sent out had any effect on the stated risks, we compare the stated risks of the main and the media test samples and find the mean risks to be the same. However, the stated median risk for the oldest age group (35-40 years) is 5 percentage points lower in the media test sample. That the newspaper articles especially highlighted (sometimes already in the introduction) the age of 35 as a threshold after which a woman's fertility begins to take a sharper decline might have increased the stated median risk levels in the main sample for the oldest age group (35-40 years). However, although the difference is substantial it is not significant.
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How the different information channels affect the perception of female infertility risks Table 4 reports the results of the multinomial logit model, which analyzes how the different channels of information affect whether the stated risks are estimated correctly or whether they are under-or overestimated. The stated risks for the four age groups are strongly correlated and it is likely that there is unobservable heterogeneity among the respondents. Therefore, the data is pooled and standard errors are corrected for clustering. 17 Each respondent stated risk levels of infertility for women in the four age groups. Since a same respondent may overestimate, underestimate, and/or give correct risk estimates when estimating these risks, all conceivable combinations are in principle possible. Therefore, it is better to investigate whether the stated risk is underestimated, correct, or overestimated, instead of whether a respondent stated correct or biased risks. Moreover, there is always some uncertainty about the correct risk levels, so we allow for a deviation of ± 25 percent in the "correct" risk estimation. To be able to examine how the information channels affect the probability of estimating the risks correctly, the dependent variable consists of risks divided into three 15 The median risks in both samples remain the same if we exclude the highest stated risks (top 10 % of both samples), indicating that the median risks are robust. We excluded risks that are larger than 40 % for the 20-24 age group, 50 % for the 25-30 age group, 60 % for the 30-34 age group, and 70 % for the 35-40 age group. 16 The difference is tested both by a Wilcoxon rank sum test and a Chi-square test corrected for continuity (see Siegel and Castellan, 1988) . 17 The correlations between the risks stated for the four age groups are between 0.39 and 0.84. The highest correlations are between the risks stated for the two youngest age groups (0.82) and between the two oldest age groups (0.84). Furthermore, there is no strong correlation among the explanatory variables in the regression.
groups: risks that are underestimated by more than 25 %, risks that are about correct (± 25 % of the actual risk level is allowed), and risks that are overestimated by more than 25 %. As seen in Table 4 , if a respondent received information from the health care system, the probability of underestimating decreases by 4 percentage points. However, women who received information from the health care system were also more likely to overestimate the risk; the probability of overestimation increases by nearly 6 percentage points. One possible explanation is that the respondents who overestimated the risks may have had some kind of gynecological problems. 18 Because there is no clear ordering of the dependent variable (whether the stated risks are underestimated, correct, or overestimated), it is more appropriate to use the multinomial logit than an ordered model.
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Keeping in mind that the media is the most common information channel, it is important to study how they affect risk perceptions. We find that women who had received information from the media were more likely to state a correct risk, but that respondents who had read articles in the magazines about women who became pregnant at age 35 or older were more likely to overestimate the risks. In addition, the results of our media test are in line with our expectations that respondents in the test sample were more likely to state lower risks than those in the main sample (who received the questionnaire immediately after the large media coverage).
What peers say and do affect risk perceptions. The respondents who had obtained information from friends and relatives were more likely to state too high risks. However, a woman with close friends or relatives who became pregnant at age 35 or older was more likely to have a correct perception of the risks. Comparing the effects of the media and friends/relatives, we see that the magnitudes of the effects are nearly the same in the case when the risks are almost correctly estimated, but the signs are the opposite. Information from the media is thus better for the risk perception than information from friends and relatives. Another interesting result is that mothers and respondents who wanted (possibly again) to become pregnant later in life, but did not know when, were more likely to underestimate the risks.
As a sensitivity analysis we estimated the same multinomial logit model again, but this time allowing a 50 percent deviation from the actual risk levels when classifying the responses.
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The results show that articles in magazines about women who became pregnant in their late 30s no longer affect the probabilities of overestimating the risks significantly. Moreover, information from the health care system no longer decreases the probability of underestimation significantly. The results of how women are affected by their peers are more robust: There are no changes in significance or in signs of the marginal effects that capture that women had received information from friends/relatives or that a woman had close friends/relatives who became pregnant at age 35 or older. However, the effects of peers are even larger when we allow for a 50 percent deviation from the actual risk levels; the sizes of the marginal effects are doubled. Finally, our media test gives the same result: Women who completed the questionnaire two months later were more likely to underestimate the risks 19 The results are available upon request.
than those who completed the questionnaire immediately after several newspapers reported that students underestimate the risks.
Our results are in line with the findings by McAlister, (1987 ), Rogers, (1987 , Tonn et al., (1990) , Chang and Kinnucan, (1991) , and Wåhlberg and Sjöberg, (2000) , who all found that experiences of peers affect people more than the mass media does. As shown in Table 2 , a much larger share of the older women than of the younger claimed to already have enough knowledge about the risks. However, the results in Table 4 show that age has no significant effect on the probabilities to state correct risks. Moreover, those in the sample who claimed to already have enough knowledge about the risks do not significantly differ from other women in terms of their probabilities of stating correct risks. Table 5 shows the shares of respondents, by age groups, who wanted/did not want to obtain more information, and the share who were unsure. It also reports whether the women who under-or overestimated all the risks (by more than 25 %) wanted to receive more information. The table also shows through what channels the respondents wanted to receive the information, given that they wanted more information. 20 The second to the last row in the table shows the shares of women who had never received any information about the risk from any information source. 20 We allowed the respondents to state several channels of information that they would like to receive information through. The respondents were also allowed to state other sources of information than those reported in Table 5 . This explains why the percentages do not sum up to 100 %. As seen in Table 5 , a clear majority of women under 30 years wished to have more information, while smaller share of the older women were interested in receiving more information. This is in line with the fact that the older women claimed to already have enough knowledge about the risks. Another explanation is of course that as many as 55 percent of the women 30 or older were mothers who did not want/were very unsure whether they wanted to have more children. However, we saw in Table 4 that older women were not more likely than younger to state risks more correctly. In addition, one-third of the women older than 30 were sure that they wanted to become pregnant, indicating that they also should be informed about the risks. Looking at the descriptive statistics of the women younger than 30, we see that as many as 86 of all women in this age group wanted to have a child, and that a large majority (72 %) were childless at the time.
Who wants to have more information, and from what source?
It is especially interesting to investigate those with biased risk perceptions. The Chi square test reveals that women who had never received information about the risk make up a larger share of those (at the 1% significance level) who underestimated all four risks than of all other women. Hence, lack of information may explain biased risk perceptions. 21 For women who overestimated all four risk levels, we find the opposite result: A higher share of these 21 Nearly 60 % of the women who underestimated all the risks were 30 years or older.
women had been in contact with information compared to other women, and the difference is statistically significant. However, when it comes to wanting more information, the shares of women who under-or overestimated the risks do not significantly differ from other women.
In summary, we have shown that women, regardless of their age, should be informed. The
question is from what source they want to receive information.
As seen in Table 5 , given that women wanted more information, a majority wanted to receive it from the health care system. Since the media, and to some extent friends/relatives, are the most common channels of information, we see that the source women tend to want information from is not the source they actually get it from. If we assume that most people want to obtain information from the sources they feel are the most credible, the statistics of this study are contrary to the findings by Tonn et al., (1990) . According to them, information based on peer experiences is felt to be more credible than media information. In our study, women were most likely to want information from the health care system. The media is the second most desirable source of information, while very few of the respondents wanted to receive information from friends or relatives. It could also be the case that women were less keen on wanting more information from the media since almost all of them had already received information from there.
We also asked 21 gynecologists working in Sweden about who they give information regarding the risk of age-related infertility to. 22 The ten doctors who answered said that they mainly give information either to all women around age 30 or older or only to women who request information. 23 According to these physicians, the health care system tends to inform older women who we find are less interested, while the younger women who we find would want more information are not informed.
The health care system as an information channel
Because the health care system is the most desirable source of information, we investigate further what affects the probability of wanting information from this source and who wants the information. The results of the binary probit model, where the dependent variable is one if a respondent wished to obtain information from the health care system, are shown in Table 6 .
In addition to the variables used in the previous regression, we include two variables to especially investigate the women with biased risk perceptions. The first variable indicates whether a woman underestimate the general risk levels by more than 25 % for all four age groups, and the second whether a woman overestimated the risk levels by more than 25 % for all four age groups. The results in Table 6 show that women who had already received information from the health care system were more likely to want to obtain even more information from this source. On the other hand, the probability of wanting information decreases by 10 percentage points if a respondent felt that she already had enough knowledge about the risks. This is an interesting finding because, as shown in Table 4 , those who felt they had enough knowledge
were not more likely to state more correct risks than other women. The other information variables have no significant effect on the probabilities of wanting information from the health care system.
Women who underestimated the risk levels for all age groups by more than 25 percent were less likely to want to receive more information from the health care system. The effect is large; the probability of wanting information decreases by 16 percentage points. The stated mean risk levels of these respondents are also substantially lower than those of the whole sample, 24 showing that the risk perceptions of these women are clearly biased. As mentioned before, the shares of women who underestimated all risks do not significantly differ from the shares of other women when we look at who wants to receive more information. However, they are obviously less likely to receive information from the health care system. One explanation might be that it is more sensitive to receive information from a personal source, such as physicians. However, underestimation of the risks might be undesirable, especially since a majority (56 %) of the women who clearly underestimated all risks were sure that they would like to have a child. Women who overestimated the risks for all age groups do not significantly differ from those who had just about correct risk perceptions when we look at who wanted more information from the health care system.
Women who wanted to become pregnant were more likely to want to receive information from the health care system. The probabilities increase by 16-18 percentage points. However, women of different ages do not significantly differ from each other when it comes to wanting to have information from the health care system.
Conclusions and discussion
This paper is based on a survey of a random and representative sample of Swedish females The results show that the media reaches women of all ages, while the share of women who have already received information from the health care system differs among the age groups.
The older the woman, the more likely it is that she has received information from the health care system. This is in line with what the gynecologists we asked said: the health care system usually informs women around 30 and older, which is in sharp contrast to the fact that a large majority of the younger women (under 30) want more information from the health care system.
Women who have received information from the media are more likely to state correct risks.
On the other hand, reading articles in magazines about women who became pregnant in their late 30s increases the probability of overestimation. One possible explanation is that several studies report that female age-related infertility increases only a little before age 30 but more rapidly after age 35 (Leridon, 2004; Infomedica, 2004) . Therefore, it is possible that magazines spread information highlighting the ages 30 and 35 as "critical," making women believe that the risks are higher than they actually are. If overestimation creates unnecessary worry, women should also have other information sources.
Only about one-third of the respondents had discussed this risk with their friends or relatives, but as the results clearly show, friends and relatives are an important source of information that does affect women's risk perceptions. However, the information from friends and relatives seems to generally be incorrect, making female recipients more likely to overestimate the risks. One possible explanation is that people tend to mainly discuss problems and difficult pregnancies, leading to overestimations of the risks. On the other hand, the probability of stating correct risks increases if a woman has close friends or relatives who became pregnant at 35 or older. These findings are also in line with previous research; experiences of peers affect people more than the mass media (McAlister, 1987; Rogers, 1987; Tonn et al., 1990; Chang and Kinnucan, 1991; Wåhlberg and Sjöberg, 2000) .
Moreover, we found that the stated median risk level for women aged 35-40 was clearly higher in the survey mailed out immediately after the media coverage than in the one carried out two months later, but the difference was not significant. Those who answered our second survey were more likely to underestimate the risks than those who answered the first survey, a result that is in line with our expectations. Thus, we find effects of the large media coverage on people's risk perceptions, although the effects are not always significant. It is also possible that the effect of the increased media coverage lasted longer than two months, which could explain why the median and mean risks for the 35-40 age group were overestimated by both samples. Furthermore, we do not know whether the respondents actually read the articles in the Swedish newspapers in November 2005.
Our study points to three dilemmas that the Swedish health care system should want to direct attention to: (1) Only 26 percent of our respondents had obtained information from the health care system, while a majority wished they had. (2) Although large majority of the women who are younger than 30 want information from the health care system, the health care system tends to rather inform older women. Although we must remember that the issue of infertility might be sensitive for many women (which makes informing more difficult), we argue that it is important to reach women earlier since a majority of the younger women want to have a child later on but do not know when. (3) A larger share of women who underestimated the risk levels for all four age groups had not been in contact with any kind of information compared to other women. These women were however less likely to wish to receive information from the health care system, although a majority of them would like to have a child. In addition, if the health care system succeeds in informing women, it will affect women themselves as information channels; women can then give more correct information about the risks to their friends and relatives. Since the media is found to be the most common source of information, it should be an efficient channel for the health care system to use when informing women about the risks.
Although the empirical evidence in this paper comes from Sweden, the risks of age-related infertility concern all women, and our results are therefore of more general interest. It is very likely that the media reaches women in most countries, while the roles and practices of the health care systems might differ among countries. However, the results of this study can be useful for health care systems in other countries to reflect on who they give information to and whether they reach those with biased risk perceptions. Moreover, the health care systems should be aware that women receive biased information, especially from their friends and relatives, and that this can cause unnecessary worry or serious disappointments if it becomes difficult for a woman to become pregnant.
